A two-way time and frequency transfer technique using SONET (SDH) protocol is described. The system has demonstrated stabilities of 10 ps in "loopback" configuration. Preliminary measurements on a system performing full two-way time transfer shows stabilities of better than 100 ps at 100 seconds, limited by flicker phase modulation.
Summarv

Two-way Time and Frequency
Transfer is used to measure and possibly control two geographically separated clocks. Traditionally this technique is implemented using geo-stationary satellites. Recently there has been an interest in using two-way techniques in optical fiber communications networks [l] . The optical fibers used in networks promise to provide excellent path reciprocity due to the proximity of the two paths, located within a common sheath. If path reciprocity is assumed, then the time difference between two clocks is given
where TIC(i) = time interval counter reading at station i and received on time markers at station i. Tx(i) = transmit delay through equipment at station i Rx(i) = receive delay through equipment at station i. To obtain accurate time transfer, the values of Tx(i) and Rx(i) must be known. In general as long as these quantities are stable = time between transmitted accurate frequency transfer is obtained without precise knowledge of the absolute delays associated with the equipment.
In the experiment described here an unused byte of the transport overhead of a 155.52 MHz SONET (SDH) is loaded with an on time marker (QTM) once per second. The time interval between t r a n s~~s~~~n of the OTM and receipt of the OTM sent by the equipment at the other end of the fiber is measured and recorded. This information can then be used, for example, to steer the far clock to be "on time" with the near clock. This technique effectively eliminates "wander" in the network. The observed stability of two-way time transfer over such a system is illustrated in Fig. 1 . The transfer stability at 100 seconds is on the order of 100 ps with a flicker floor of 100 ps. Given the observed stabilities of the system, frequency transfer at 1 in IO-' ' at 1 d, over distances of order 100 km should be feasible. term stability and the environm temperature) coefficients of the e delays.
which uses the same byte of the overhead used by the OT presented. This protocol has been for maximum flexibility allowing a near-end operator to, for example, steer the far-end clock while only using a tiny fraction of heretofore unused bandwidth in the network protocol.
A message protocol for time transfer At present the absolute delays through the transmit and receive systems are uncalibrated. Work is underway to calibrate these delays as well as to observe the long
